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(54) Fuel cell device 

(57) A fuel cell device, wherein, after an output volt- 
age from a main body of a fuel cell (1) is converted 
using a converter (3), the relation between the resultant 
predetermined output voltage V 1 and an output voltage 
V 2 from a secondary battery (5) is so set as to satisfy V 
1 > V 2. When, at the time of a sudden change of an 
external load, the output voltage V from the main body 
of the fuel cell (1) becomes lower than a predetermined 
voltage V 3, an output to a charge controlling unit (6) is 
stopped. When the output voltage V from the main body 
of the fuel cell (1) is lowered even further and becomes 
lower than a predetermined voltage V 4, an output to an 
auxiliary device (2), which is necessary for driving the 
fuel cell device, is switched from the output from the 
converter (3) to the output from the secondary battery 
(5). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell 
device. More particularly, it relates to a fuel cell device 
suitable for a fuel ceil such as a solid polymer electrolyte 
fuel cell in which hydrogen is used as the fuel and the air 
is employed as the oxidant. 

[0002] Stacking unit cells, in each of which an elec- 
trolyte layer is held by being sandwiched between a fuel 
flow field and an air flow field, forms the main body of 
the fuel cell. The fuel flow field and the air flow field are 
supplied with fuel gas and air, respectively. Then, an 
electrical chemical reaction is caused to occur, thereby 
generating the electric power. Moreover, the main body 
of the fuel cell has a characteristic that, if a load current 
density is increased, activated polarization of an elec- 
trode catalyst, the ohmic loss and the concentration 
polarization bring about a drop in an output voltage from 
the fuel cell. On account of this, when power output is 
performed to an external load that consumes the power 
with the fuel cell as the power supply, the main body of 
the fuel cell is used as the following system: The use of 
a DC-DC converter or a DC-AC converter makes it pos- 
sible to output, as a constant voltage, a direct current 
power outputted from the fuel cell. Also, the main body 
of the fuel cell is slow in the response of the output volt- 
age to a variation in the load current density. Because of 
this, when a sudden change occurs in the external load, 
the output voltage is temporarily lowered exceedingly, 
becoming an output voltage smaller than the minimum 
operation voltage that the external load side requires. 
This has resulted in a fear that the system itself may 
come to a haft. 

[0003] In order to solve this problem, in publications 
such as JP-A-50-1 16925, the following system has 
been proposed: A secondary battery is located in paral- 
lel to the fuel cell and, at the time of the sudden change 
of the external load, the power is supplied from the sec- 
ondary battery to the external load so that the external 
load variation on the fuel cell side is reduced. 
[0004] However, in the system where, as illustrated 
in FIG.2, the power is supplied from the secondary bat- 
tery to the external load at the time of the sudden 
change of the external load, a voltage needed for charg- 
ing the secondary battery differs from a voltage needed 
for the load. This has required that the DC-DC converter 
or the DC-AC converter be equipped with 2 lines of out- 
puts, i.e., an output for the load and an output for charg- 
ing the secondary battery, thereby bringing about 
complexities and cost-up of the appliances. 
[0005] Also, as illustrated in FIG.3, in the case of a 
system where the output for charging the secondary 
battery is branched from the output line for the load, it 
turns out that the output line for the secondary battery is 
inputted into the DC-DC converter or the DC-AC con- 
verter. At that time, the power to be supplied from the 



secondary battery to the load is outputted to the load by 
way of the DC-DC converter or the DC-AC converter. As 
the result, the power from th secondary battery is mul- 
tiplied by conversion efficiency of the DC-DC converter 
5 or that of the DC-AC converter. This has caused the 
power loss to occur. 

SUMMARY OF THE INVENTION 

10 [0006] In order to solve the above-described prob- 
lems, it is an object of the present invention to effectively 
supply the fuel cell device with the power from the sec- 
ondary battery at the time of the sudden change of the 
external load, and to simplify the system and to provide 

75 the fuel cell device that is inexpensive. 

[0007] In order to solve the above-described prob- 
lems, the fuel cell device according to the present inven- 
tion includes a main body of the fuel cell, a DC-DC 
converter or a DC-AC converter for converting a direct 

20 current power into a direct current of a predetermined 
voltage V 1 or an afternating current thereof, the direct 
current power being outputted from the main body of the 
fuel cell, an output terminal to an external load, an aux- 
iliary device necessary for driving the fuel cell device, a 

25 secondary battery that, when the output from the main 
body of the fuel cell is lacking, outputs an output voltage 
V 2 for driving the auxiliary device, the auxiliary device 
being necessary for driving the fuel cell device, a charge 
controlling unit for controlling charge of the secondary 

30 battery, and a circuit-switching controlling unit for con- 
trolling supply of the output current from the DC-DC 
converter or the DC-AC converter to the output terminal 
to the external load, the auxiliary device and the charge 
controlling unit, and for controlling supply of the output 

35 power from the secondary battery, the auxiliary device 
being necessary for driving the fuel cell device, wherein, 
when the output voltage V from the main body of the 
fuel cell becomes lower than a predetermined voltage V 
3 at the time of a sudden change of the external load, 

40 the output to the charge controlling unit is stopped, and 
in addition, when the output voltage V from the main 
body of the fuel cell becomes lower than a predeter- 
mined voltage V 4, the output to the auxiliary device is 
switched from the output from the DC-DC converter or 

45 the DC-AC converter to the output from the secondary 
battery, the auxiliary device being necessary for driving 
the fuel cell device, the relation between the output volt- 
age V 1 from the DC-DC converter or the DC-AC con- 
verter and the output voltage V 2 from the secondary 

so battery being so set as to satisfy V 1 > V 2. 

[0008] The configuration of another fuel cell device 
related to the present invention is as follows: When the 
output voltage V from the main body of the fuel cell 
becomes higher than a predetermined recovering volt- 

55 age V 6 after the sudden change of the external load of 
the fuel cell device, the output to the charge controlling 
unit is restarted, and when the output voltage V from the 
main body of the fuel cell becomes higher than a recov- 
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rying voltage V 7, the output to the auxiliary device is 
restarted, the auxiliary device being necessary for driv- 
ing the fuel cell device. 

[0009] The employment of the configuration as 
described above permits a stable load output to be 
obtained even at the time of the sudden change of the 
external load, thus making it possible to provide the fuel 
cell device that is simple, inexpensive and highly effec- 
tive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

FIG. 1 is a schematic configuration diagram of a 
power supply system that employs the solid poly- 
mer electrolyte fuel cell in an embodiment of the 
present invention; 

FIG. 2 is a schematic configuration diagram of a 
conventional power supply system; 
FIG. 3 is a schematic configuration diagram of a 
conventional power supply system; 
FIG. 4 is a flow chart for showing an algorithm for 
the circuit-switching control based on the output 
voltage V from the fuel cell; 
FIG. 5 is a schematic configuration diagram of a 
power supply system that employs the solid poly- 
mer electrolyte fuel cell in an embodiment of the 
present invention; and 

FIG. 6 is a schematic configuration diagram of a 
power supply system that employs the solid poly- 
mer electrolyte fuel cell in an embodiment of the 
present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[001 1] The first invention in the present invention is 
a fuel cell device including a main body of the fuel cell, 
a DC-DC converter or a DC-AC converter for converting 
a direct current power into a direct current power of a 
predetermined voltage V 1 or an alternating current 
power thereof, the direct current power being outputted 
from the main body of the fuel cell, an output terminal to 
an external load, an auxiliary device necessary for driv- 
ing the fuel cell device, a secondary battery that, when 
the main body of the fuel cell is lacking in output, out- 
puts an output voltage V 2 for driving the auxiliary 
device, the auxiliary device being necessary for driving 
the fuel cell device, a charge controlling unit for control- 
ling charge of the secondary battery, and a circuit- 
switching controlling unit for controlling supply of the 
output power from the DC-DC converter or the DC-AC 
converter to the external load output terminal, the auxil- 
iary device and the charge controlling unit, and for con- 
trolling supply of the output power from the secondary 
battery, the auxiliary device being necessary for driving 
the fuel cell device, wherein the relation between the 
output voltage V 1 from the DC-DC converter or the DC- 



AC converter and th output voltage V 2 from the sec- 
ondary battery is so set as to satisfy V 1 > V 2, and 
when the output voltag V from the main body of the 
fuel cell becomes lower than a predetermined voltage V 

5 3 at the time of a sudden change of th external load, 
the output to the charge controlling unit is stopped, and 
when the output voltage V from the main body of the 
fuel cell is lowered even further and becomes lower than 
a predetermined voltage V 4, the output to the auxiliary 

w device is switched from the output from the DC-DC con- 
verter or the DC-AC converter to the output from the 
secondary battery, the auxiliary device being necessary 
for driving the fuel cell device. 
[0012] Also, the second invention in the present 

15 invention is a fuel cell device the configuration of which 
is the same as that of the above-described first inven- 
tion, wherein the relation between the output voltage V 
1 from the DC-DC converter or the DC-AC converter 
and the output voltage V 2 from the secondary battery is 

20 so set as to satisfy V 1 > V 2, and when the output volt- 
age V from the main body of the fuel cell becomes lower 
than a predetermined voltage V 3 at the time of a sud- 
den change of the external load, the output to the 
charge controlling unit is stopped, and when the output 

25 voltage V from the main body of the fuel cell is lowered 
even further and becomes lower than a predetermined 
voltage V 4, the output to the auxiliary device is 
switched from the output from the DC-DC converter or 
the DC-AC converter to the output from the secondary 

30 battery, the auxiliary device being necessary for driving 
the fuel cell device, and also when the output voltage V 
from the main body of the fuel cell becomes higher than 
a predetermined recoverying voltage V 6, the output to 
the charge controlling unit is restarted, and when the 

35 output voltage V from the main body of the fuel cell 
becomes higher than a recoverying voltage V 7, the out- 
put to the auxiliary device is restarted, the auxiliary 
device being necessary for driving the fuel cell device. 
[0013] Moreover, based on the output voltage V 

40 from the main body of the fuel cell, a value of auxiliary 
device output from the auxiliary device is made large 
when the output voltage V is lower than a predeter- 
mined voltage, and is made small when the output volt- 
age V is higher than the predetermined voltage, the 

45 auxiliary device being necessary for driving the fuel cell 
device. 

[0014] Also, in the case where there exist a plurality 
of the auxiliary devices that are necessary for driving 
the fuel cell device, the plurality of driving auxiliary 
so devices are driven in series when they are driven by the 
output from the DC-DC converter or the DC-AC con- 
verter, and are driven in parallel to each other when they 
are driven by the output from the secondary battery. 

55 Embodiment 1 

[0015] FIG. 1 shows a schematic configuration dia- 
gram of a fuel cell device that employs a main body of a 
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fuel cell that is an embodiment of the present invention. 
In FIG. 1 p a reference numeral 1 denotes the main body 
of the fuel cell formed by stacking a plurality of unit cells 
in each of which an electrolyte layer is held by being 
sandwiched betw en a fuel flow field and an air fbw 5 
field. The fuel flow field and the air flow field in each cell 
are supplied with fuel gas and air, respectively, and an 
electrical chemical reaction is caused to occur, thereby 
generating the electric power. A numeral 2 denotes an 
auxiliary device for supplying the main body of the fuel 
cell 1 with hydrogen gas and air. A numeral 3 denotes a 
DC-DC converter for converting a direct current power, 
which is ouiputted from the main body of the fuel cell 1 , 
into a direct current power of a predetermined voltage V 
1 . A numeral 4 denotes an output terminal to an external 
load, which supplies the external load with the power. A 
numeral 5 denotes a secondary battery that outputs an 
output voltage V 2 for driving the auxiliary device 2 
when the output voltage from the main body of the fuel 
cell 1 is lowered. A numeral 6 denotes a charge control- 
ling unit for controlling charge of the secondary battery 

5. A numeral 7 denotes a circuit-switching controlling 
unit for controlling supply of the output power from the 
DC-DC converter 3 to the external load output terminal 
4, the auxiliary device 2 and the charge controlling unit 

6. and for controlling supply of the output power from the 
secondary battery 5 to the auxiliary device 2. A numeral 
8 denotes a control switch for controlling the external 
output from the main body of the fuel cell 1 . A numeral 9 
denotes a sensor unit for monitoring the output voltage 
from the main body of the fuel cell 1 so as to provide the 
circuit-switching controlling unit 7 with a control signal. 
A numeral 10 denotes a cell protecting switch A for 
breaking a circuit between the secondary battery 5 and 
the charge controlling unit 6. A numeral 11 denotes a 
cell protecting switch B for breaking the secondary bat- 
tery 5 from the circuit-switching controlling unit 7. These 
respective configuration units constitute the fuel cell 
device. 

[001 6] In the fuel cell device including the members 
as described above, the protecting switches A 10, B 1 1 
for protecting the secondary battery 5 are closed, and 
after supplying the main body of the fuel cell 1 with the 
hydrogen, i.e., the fuel, the control switch 8 is closed. 
This procedure completes starting-up of the fuel cell 
device. When the starting-up is completed and the main 
body of the fuel cell 1 is put into a steady operation, the 
direct current power caused by the main body of the fuel 
cell 1 is converted into the direct current power of the 
predetermined voltage V 1 by the DC-DC converter 3, 
then being steadily supplied to the external load output 
terminal 4 through the circuit-switching controlling unit 

7. In the state where the power output to the external 
load is being steady, if a sudden change in the load 
occurs and then the output voltage V from the main 
body of the fuel cell 1 is lowered temporarily and 
becomes lower than a predetermined voltage V 3, the 
output to the charge controlling unit 6 is stopped at the 



6 

circuit-switching controlling unit 7 in accordance with 
the signal from the sensor unit 9. In addition, when the 
output voltage V is lowered even further and becomes 
lower than a certain specified voltage V 4, the output to 
the auxiliary device 2 is stopped at the circuit-switching 
controlling unit 7 in accordance with the signal from the 
sensor unit 9. At the same time, the output power to the 
auxiliary device 2 is switched to the output power from 
the secondary battery 5. This procedure reduces the 
load imposed on the main body of the fuel cell 1. 
thereby making it possible to maintain the value of the 
output voltage V at a value higher than a minimum oper- 
ation voltage V 5 at the load side. 
[001 7] Here, the relation that holds among V 3, V 4 
and V 5 is given by the following formula (1): 

v*3 > V4 > V5 (1) 

[0018] After that, when, on account of recovery of 
the output voltage V from the main body of the fuel cell 

1 or the reduction of the external load, the output volt- 
age V becomes higher than a predetermined recovery- 
ing voltage V 6, the output to the auxiliary device 2 is 
restarted at the circuit-switching controlling unit 7 in 
accordance with the signal from the sensor unit 9. At the 
same time, the output power to the auxiliary device 2 is 
switched from the output power from the secondary bat- 
tery 5 to that from the DC-DC converter 3. In addition, 
when the value of the output voltage V is heightened 
even further and becomes higher than a predetermined 
recoverying voltage V 7, the output to the charge con- 
trolling unit 6 is restarted at the circuit-switching control- 
ling unit 7 in accordance with the signal from the sensor 
unit 9. This procedure makes it possible to supply the 
external load with stable power. 

[0019) Here, the relation between V 6 and V 7 is 
given by the following formulae (2), (3) and (4): 

V6 <; V7 (2) 

V3 S V7 (3) 

V4 £ V6 (4) 

[0020] Furthermore, the relation between the out- 
put voltage V 1 from the DC-DC converter 3 and the 
secondary battery output voltage V 2 is so set as to sat- 
isfy V 1 > V 2. 

[0021 ] FIG. 4 shows a circuit-switching algorithm for 
the above-mentioned circuit-switching controlling unit 7 
in the fuel cell device. 

[0022] In the fuel cell device configured as 
described above, it turns out that the DC-DC converter 
3 is configured to be equipped with 1 line of output. 
Moreover, since the secondary battery output voltage V 

2 is lower than the output voltage V 1 from the DC-DC 
converter 3, configuration of the charge controlling unit 
6 becomes simpler. Also, the output power from the sec- 
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ondary battery 5 is supplied without the intervention of 
the DC-DC converter 3, which allows the power loss to 
be reduced. Incidentally, H is allowable to use the DC- 
AC converter instead of the DC-DC converter 3 used in 
the above-mentioned fuel cell device. 

Embodiment 2 

[0023] FIG. 5 shows a schematic configuration dia- 
gram of a fuel cell device that employs a main body of a 
fuel cell that is another embodiment of the present 
invention. In the fuel cell device of the configuration 
employed in the Embodiment 1 , when a fan for supply- 
ing the main body of the fuel cell 1 with air is used as the 
auxiliary device 2, there is provided an auxiliary device 
output controlling unit 12 that controls the rotation 
speed of the fan in accordance with the signal from the 
sensor unit 9 for monitoring the value of the output volt- 
age V. If the external load is heavy and the value of the 
output voltage V from the main body of the fuel cell 1 is 
small, the auxiliary device output controlling unit 12 
increases the rotation speed of the fan. Conversely, rf 
the external load is light and the value of the output volt- 
age V from the main body of the fuel cell 1 is large, the 
auxiliary device output controlling unit 12 decreases the 
rotation speed of the Ian. 

[0024] The fuel cell device configured as described 
above allows an efficient operation to be embodied in 
the following manner: When, at the time of a light load, 
the main body of the fuel cell 1 does not require large 
amount of air, the fuel cell device drops the rotation 
speed of the fan, thereby reducing a power loss. Also, 
when, at the time of a heavy load, the main body of the 
fuel cell 1 requires large amount of, the fuel cell device 
raises the rotation speed of the fan, thereby performing 
sufficient power generation. 

Embodiment 3 

[0025] FIG. 6 shows a schematic configuration dia- 
gram of a fuel cell device that employs a main body of a 
fuel cell that is still another embodiment of the present 
invention. In the fuel cell device of the configuration 
employed in the Embodiment 1 , as the auxiliary devices 
2, there are provided the 1st fan 2a and the 2nd fan 2b 
for supplying the main body of the fuel cell 1 with air. In 
addition, there is further provided a circuit-switching 
controlling unit 7 having a function that, when the output 
voltage V from the main body of the fuel cell 1 becomes 
equal to a predetermined voltage V 4 and based on the 
signal from the sensor unit 9, switches driving outputs 
toward the 1st fan 2a and the 2nd fan 2b to the output 
from the DC-DC converter 3 and the output from the 
secondary battery 5. 

[0026] When the output voltage V from the main 
body of the fuel cell 1 is higher than the predetermined 
voltage V 4, the 1 st fan 2a and the 2nd fan 2b are driven 
in series by the output voltage V1 from the DC-DC con- 



verter 3. Also, when the value of the output voltage V 
becomes lower than the predetermined voltage V 4, the 
1st fan 2a and the 2nd fan 2b are driven in parallel to 
each other by the output voKag V 2 from the secondary 

5 battery 5. 

[0027] The fuel cell device of the embodiment 3 
configured as described above makes it possible to min- 
imize the variation of driving voltage for each fan in both 
cases where the fans are driven by the output voltage 

w V1 from the DC-DC converter 3 and where the fans are 
driven by the output voltage V 2 from the secondary bat- 
tery 5. Accordingly, it becomes possible to maintain air- 
supplying capabilities of the fans. 
[0028] At this time, however, the relation between 

15 the DC-DC converter output voltage V 1 and the sec- 
ondary battery output voltage V 2 is so set as to satisfy 
V1 >V2. 

[0029] Incidentally, it is allowable to use the DC-AC 
converter instead of the DC-DC converter 3 used in the 

20 above-mentioned fuel cell device. 

[0030] As described above, the employment of the 
configurations of the fuel cell device according to the 
present invention makes it possible to accomplish provi- 
sion of the simple, low cost and highly effective fuel cell 

25 device that permits the stable external load output to be 
obtained even at the time of the sudden change of the 
external load. 

Claims 

30 

1 . A fuel cell device, comprising: 

a main body of a fuel cell (1), 

a DODC converter (3) or a DC-AC converter 

35 for converting direct current power into direct 

current power of a predetermined voltage V 1 
or an alternating current power thereof so as to 
output said direct or alternating current power, 
said direct current power being outputted from 

40 said main body of the fuel cell (1), 

an output terminal (4) to an external load, 
an auxiliary device (2) necessary for driving 
said fuel cell device, 

a secondary battery (5) that, when said output 
45 from said main body of the fuel cell (1) is lack- 

ing, generates an output voltage V 2 for driving 
said auxiliary device (2), said auxiliary device 
(2) being necessary for driving said fuel cell 
device, 

50 a charge controlling unit (6) for controlling 

charge of said secondary battery (5), and 
a circuit-switching controlling unit (7) for con- 
trolling supply of said output power from said 
DC-DC converter (3) or said DC-AC converter 

55 to said output terminal (4) to said external load, 

said auxiliary device (2) and said charge con- 
trolling unit (6), and for controlling supply of 
said output power from said secondary battery 
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(5), said auxiliary device (2) being necessary 
for driving said fuel cell devic , wherein the 
relation between said output voltage V 1 from 
said DC-DC convert r (3) or said DC-AC con- 
verter and said secondary battery output volt- 5 
age V 2 is so set as to satisfy V 1 > V 2, and 
when said output voltage V from said main 
body of the fuel ceil (1) becomes lower than a 
predetermined voltage V 3 at the time of a sud- 
den change of said external load, said output to w 
said charge controlling unit (6) is stopped, and 
when said output voltage V from said main 
body of the fuel cell (1) is lowered even further 
and becomes lower than a predetermined volt- 
age V 4, said output to said auxiliary device (2) 75 
is switched from said output from said DC-DC 
converter (3) or said DC-AC converter to said 
output from said secondary battery (5), said 
auxiliary device (2) being necessary for driving 
said fuel cell device. 20 

A fuel cell device, comprising: 

a main body of a fuel cell (1), 

a DC-DC converter (3) or a DC-AC converter 25 

for converting direct current power into direct 

current power of a predetermined voltage V 1 

or an alternating current power thereof so as to 

output said direct or alternating current power, 

said direct current power being outputted from 30 

said main body of the fuel cell (1), 

an output terminal (4) to an external load, 

an auxiliary device (2) necessary for driving 

said fuel cell device, 

a secondary battery (5) that, when said output 35 
from said main body of the fuel cell (1) is lack- 
ing the output, generates an output voltage V 2 
for driving said auxiliary device (2), said auxil- 
iary device (2) being necessary for driving said 
fuel cell device, 40 
a charge controlling unit (6) for controlling 
charge of said secondary battery (5), and 
a circuit-switching controlling unit (7) for con- 
trolling supply of said output power from said 
DC-DC converter (3) or said DC-AC converter 45 
to said output terminal (4) to said external load, 
said auxiliary device (2) and said charge con- 
trolling unit (6), and for controlling supply of 
said output power from said secondary battery 
(5), said auxiliary device (2) being necessary so 
for driving said fuel cell device, wherein the 
relation between said output voltage V 1 from 
said DC-DC converter (3) or said DC-AC con- 
verter and said secondary battery output volt- 
age V 2 is so set as to satisfy V 1 > V 2, and 55 
when said output voltage V from said main 
body of the fuel cell (1) becomes lower than a 
predetermined voltage V 3 at the time of a sud- 



den change of said external load, said output to 
said charge controlling unit (6) is stopped, and 
when said output voltage V from said main 
body of the fuel cell (1) is low red even further 
and becomes lower than a predetermined volt- 
age V 4, said output to said auxiliary device (2) 
is switched from said output from said DC-DC 
converter (3) or said DC-AC converter to said 
output from said secondary battery (5), said 
auxiliary device (2) being necessary for driving 
said fuel cell device, and also when said output 
voltage V from said main body of the fuel cell 
(1) becomes higher than a predetermined 
recoverying voltage V 6, said output to said 
charge controlling unit (6) is restarted, and 
when said output voltage V from said main 
body of the fuel ceil (1) becomes higher than a 
recoverying voltage V 7, said output to said 
auxiliary device (2) is restarted, said auxiliary 
device (2) being necessary for driving said fuel 
cell device. 

3. The fuel cell device as claimed in Claim 1 or 2, 
wherein, based on said output voltage V from said 
main body of the fuel ceil (1 ), a value of output from 
said auxiliary device (2) is increased when said out- 
put voltage V is lower than a predetermined volt- 
age, said value of said auxiliary device output being 
lowered when said output voltage V is higher than 
said predetermined voltage, said auxiliary device 
(2) being necessary for driving said fuel cell device. 

4. The fuel cell device as claimed in Claim 1, 2 or 3 
wherein there are provided a plurality of said auxil- 
iary devices (2), said auxiliary devices (2) being 
necessary for driving said fuel cell device, when 
said plurality of driving auxiliary devices (2a), (2b) 
are driven by said output from said DC-DC con- 
verter (3) or said DC-AC converter, said plurality of 
auxiliary devices (2a), (2b) being driven in series to 
each other, when driven by said secondary battery 
output, said plurality of auxiliary devices (2a), (2b) 
being driven in parallel to each other. 
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